Measurements on standing waves in GaAs coplanar waveguide at frequencies up to 20. We report the experimental results of the standing waves in GaAs coplanar waveguides at frequencies up to 20.10 GHz with different terminations (open, short, and 50 n) by a new electro-optic probing technique. The effective refractive indices from 4.11 to 20.10 GHz are presented and compared with theoretical values. Dispersion of coplanar waveguide in that frequency range is shown to be negligible.
Coplanar waveguide (CPW) is an important component of monolithic millimeter-wave integrated circuits (MMIC) because it is planar, easy to connect shunt devices, and relatively insensitive to substrate thickness variation. The effective refractive index (or guided wavelength) and the waveguide impedance are the most important design parameters. The standing-wave pattern not only can give the exact value of guided wavelength, but also provides useful information about the impedance mismatch between different waveguides, waveguide transitions, discontinuities, and bendings. However, their direct observation by conventional methods is very difficult in microwave or millimeter-wave ranges. The electro-optic sampling technique provides a very powerful tool to measure the transients of ultrafast electronic and optoelectronic devices. Figs. 3(a)-3(c), respectively. It should be noted that the physical position of the termination is not accessible to the probing beam; therefore, the absolute zeros of abscissa in both figures are not known. The standing-wave patterns shown in Fig. 3 are aligned with the position of minimum for comparison. The voltage standing-wave ratios p and the reflection coefficients r calculated from these curves, including those published previously, 3 are listed in Table I .
From these data, first we can see that the values of the voltage standing-wave ratios p and the reflection coefficients r decrease with increasing frequency due to the higher losses and larger parasitic effects at higher frequencies. index neff can be calculated from A sw' They are summarized in Table II . We can see from Table II that the variation ofne/f is about 1 %, which is within the error of measurement. The experimentally deduced value neff can be compared with the theoretical value n~ff from the empirical formula,7 from 4.11 to 20.10 GHz. From these data, we conclude that the dispersion of coplanar waveguide is negligible in this frequency range and that neff = 2.66 ± 0.01 is obtained for our sample. In summary, we have made the measurements of standing waves in GaAs coplanar waveguide with different terminations (open, short, and 50 n) at frequencies from 4.11 to 2 L 10 G Hz, and presented, for the first time, the complete experimental data of the effective dielectric constant in such frequency range. The dispersion of coplanar waveguide in this frequency range is shown to be negligible for our sample.
The Ideal proximity exposure compensation is shown to occur when the dose correction factors are obtained by considering the electron energy dissipation distribution at the lowest plane in the resist. In such an ideal situation, the simulation of resist profiles in Hne patterns shows that the resist edge slope becomes nearly equal to what can be obtained with a single beam line. 
Proximity exposure in electron beam lithography causes large linewidth variation and unsharp resist edge slope. This is due to the fact that the electron energy dissipation (EED) distribution at different depths in the resist gets wider from top to bottom. A typical EED distribution at different depths in O.S-pm PMMA on a silicon substrate is shown in Fig. 1 
